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© On-line texture sensing. 



S t I * TZ a ^ avel l l ' n9 . " eb ,S d9terTnined *y instantaneously illuminating an area of the web via a strobe 
light and photographing the .lluminated area by a video camera correlated to operate in conjunction with the 
strobe The ; ^gnal from the camera is digitized, histogrammed and analyzed to determine the characteristics of 

£n»nL ! T , 9h \ direCt th8 Hght thr ° U9h * e web or at m an 9' e to the web ™J video camera 
depending on the charactenstics to be determined may be positioned to receive specularly reflected light from 
the web or reflected light or positioned on the opposite side of the web to receive^ transmitted Vw& Z 
web. , n one embod.ment the light is polarized and directed at Brewster's angle onto L surface of the web and 
only similarly polanzed specularly reflected light is received by the camera 
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% dirt 



i « threshold 



\4) 

100 



Total * of pixels 



where i = intensity 

fi = no. of pixels with intensity i 

70 Hi* T Pe w aH t tt l e , ( piXe,S h3Vin9 ™ intensity bB,ow a P«»bcted threshold level are counted as 
dirt particles based on the following: 

«.» 2L*T h0 !J Y ?r* in9 dirt iS S6t 31 a " y P reselected '^1 but preferably will be a fixed fraction of 
to mean mtens.ty level, or example threshold may be equal to the mean value of the histogram muttiplied 

J6 dtyXoTa ^ ^ ^ inSPeCti ° n ° f ^ - flM * d ^ t0 -respond'wtth 

nJ^ nrt^Tf b8 f USed c t0 3CCept ° r rejeCt dependi "9 on < a > »» to tal occupied by dirt 
^ te diLgufehei 96 areaS ° f 3 Sin9 ' e dirt SP ° l ° r 3ny 0lher criteria that 

^ i n S nn Chn I iqU f^ may f° 136 US8d Wth * e Strobe on the °PP° site side «* *e paper to the camera ie 
2Q strobe 100. only if the web transmits sufficient light. ^mera, i.e. 

«wI iS . • 8 5 ) P °! Slbte t0 ^ P ' aStiC Speck contamina "ts by substituting a source of infra red light for the 
etements US ' n9 ^ an8lySiS tBChniqUe *° d * ermine de 9 ree 3,1(1 ,ocation ° f P |a ^ 
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Blackening Sensor 



To inrS, ^ en ' n9 T** T 8 eSSentia " y * he Same confi 9 ura «°" ^ hardware as the formation sensor. 
1^ P ! fy H f ! accommocfate differences in color light intensity and basis weight, the gain 

Jtto coLtr'Th y ° rm f 5 iS emP ' 0yed in ^ C3Se 10 modify *• selected **i threshold 
(BsJto correspond with an operating blackening threshold (B) 
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B (operating threshold) . B g ( selected blackening threshold (5) 

F tfactor) ~ 

and percent blackening is given by the formula 



i=255 

% blackening . £ £ ^ x inn (6) 



i«B 



x 100 

Total # of pixels 
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where fi is the number of pixels having an intensity of J 
and i « intensity. 

Obviously the higher the % blackening, the poorer the paper quality 
rm l° f J° J** 1 ? em ^iments are suitable for on-line sensing of selected parameters and may be 
coupled with other equipment for example on a paper machine to aid in control 

h Pref rllT^ im . entS ° f ** iPVenti0n arc i,lustrated ^ wa * of exam P ies *«n herein above and 
it « to be understood that the descriptions and drawings are for the purposes of illustration and as an aid to 
understanding and not intended as a definition of the limits of the invention 

« EXZSZSSZ. " a " dewnmew *- * 8 wm * «• ta — 

Claims 
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Field of the Invention 



The present Invention relates to web texture sensing. More particularly the present relates to texture 



Background to the Invention 



Many different instruments have been designed for on-line sensing of web characteristics Such 
> S T ' " fe,ated t0 ^ inC ' UdeS 0n -' ine S6nS0rS ,W ^mation, *JS3Sn.^S 

One of the earlier developments for detecting formation is described in a paper "A Formation Tester 
Which Graphically Records Paper Structure" by Burkhard et al published in the Pulp and ftJ?S£2l 

iSSS t£ J^ (JUne 1960) Wh6 " n * W3S emphaSized ** dire «- -s^ ess 
factor that had to be cons,dered .n an instrument for measuring paper structure. This device utilizes an 
■ Hlum.nator and a photo electric cel. to sense the amount of light Lotted through 

a transmrtted light signal which is analyzed in a frequency spectrum analyzer. Tne BoW^rw iJSS 
electnc cell move axially of a cylinder on which the paper sample is mounted P 

A more recent system is described in an article entitled 'Development of an On-line Formation Tester to 
Determine Optimal Use of Retention Aids' by Landmark et al published in the PapT^Z Snal 
September 1984 pages 84 to 86. This system is based on the use of tester nc^oS a ?£l £ thai 
was developed by the Norwegian Pu. P and Paper Institute to measure the variations i basTweToh, m 
part cular for the instrument described by Landmark et al a specific laser was selected and^mSed a 

2^pS^;» directin9 ii9ht throu9h - - ~ ~ 

webldL^ 4,64B ' 7 - 2 'T^ MarCh 10 ' 1987 t0 Bemh0lt 3 "'9 ht source "taninales one side of the 
ZrtTJSn PaSS ' ng thr ° U9h the W6b iS det8Cted b * a P* of detecto * having fields of view along 

*ZZT P , * I T P8rpendicu,ar to each The detector outputs are processed to provtde Z 
onentation ratio, formation and basis weight measurements 

U S Patent 4,760^71 issued July 26. 1988 to Bernholt describes a system which like the above 
described Bemholt system, illuminates paper from one side and provides oicTmeTs on* TopS 
s de for detectmg the light transmitted through the paper. A second illuminator is provioS on the IZ "s £ 
iSTJST IT ^ "' 9ht 0nt ° ta ^ at an a "9'« to a line nonTto Z 

U S ^riSS ^ 2'^ " 9ht emanat,n9 ,r ° m * e Second sourc ^ a <*> ^tected 

throuoh' VT" ^ 17 ' 1987 10 ° Ue,lette et al 8)30 describes • ^am 

through the paper and utilizes a photo detector receiving the light transmitted throuah the oaoer In 

S£S?S 3 ^ fi " er ^ 3 to Pr ° dUCe 3 «*- refleSng'r and dSion 

te J'- iS a , IS ° kn u W " t0 meaSure *• surface P^^es of paper by optical measurements A recent 
techmque for such optical measurement is described in a paper entitJed 'Optical MeaS^em ^ws S 

1987 ^E±Jf ? HanSUebaS ' " d M ° rant2 PUb "' Shed in ^Technoiogy in Indus^u^ 
1987. Th.s technique employs a scanning goniometer which varies the angle of incidence of implement 
of a polanzed light and studies the angular reflectance and attempts to correlate printSiSy wZunS 
non-uniformity as determined by the equipment ^"iwuiiny wnn surface 

scannedrSecfd 8 !^ "T"? ** inSPeCti ° n f0r W " erein the entire surface «* * 

scanned to detect defects or faults in the paper and enhanced graphics are used to visually display a defect 

Surface Inspection Equipment" by P.W. Loose published in June. 1987 Tappi Journal. P ages69 to 74 T^S 
system uses a line scan camera having a charged coupted device (CCD) and an eSc expos^e 
control. The amount of light applied to the CCD of the camera is regulated and tto^SLJSK 
the camera is synchronized with the web speed. scanning rate ot 

A" ° n ^ ine ** oo"n«n9 systems is described in an article by Kemeny et al. entitled 'On-line Automatic 
Pxjp Dirt Count Measurement' Tappi Conference proceedings. 1987. pages 21-24 inclusive Trie paS 
olTL in h ^ publicat, * on utilizes «*» CCD camera focused 9 onto an illuminated 2*S£S 

mav SJl** """J r"" - ? ^ SCaPned S89ment ° f pulp surface to a "y shado^ whfch 

may tend to appear due to the roughness of the pulp surface. This device determines L dirt Sunt by 
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